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A CONCEPT OF ELEMENT-FACE ROTATION-TRANSLATION 
TRANSFORMATION OF POLYHEDRA 
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ROTATION - TRANSLATION 

TRUNCATED OCTAMEORON 

The method o f  transformation discussed here i s  accomplished 
by a l low ing  each face of the polyhedron t o  r o t a t e  about i t s  ax is  and 
t r a n s l a t e  along i t s  ax is ,  w h i l e  mainta in ing connection t o  i t s  pa i red 
face w i t h  an element t h a t  i s  al lowed t o  r o t a t e  about i t s  a x i s b a n d  
t r a n s l a t e  along i t s  ax is .  The surfaces enclosing the polyhedron w i l l  
t ransform i n t o  another polyhedron form. 

The polyhedral  forms which have been inves t iga ted  consis t  of 
the  f i v e  regu la r  forms. 
format ion stages o f  the cube t o  the t runcated octahedron. 
t ransformat ion ser ies  s tud ied  are l i s t e d  below. 

The one i l l u s t r a t e d  above shows the t rans-  
The f i v e  

tetrahedron - truncated tetrahedron 
cube snub cube .-- t runcated octahedron 
octahedron - snub cube t runcated cube 
icosahedron - snub dodecahedron -- t runcated dodecahedron 
dodecahedron ---- snub dodecahedron - t runcated icosahedron 

Source: Joseph D. Cl in ton  
Southern I 1  !i noi  s Uni vers i  t y  
School o f  Technology (6601 -02) 
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TETRAHEDRON 

BY 
j u n c t i o n  w 

A REGENERATION EFFECT 

1 I 

using the  t r a d i t i o n a l  expandable 

TETRAHEDRON 

concept o f  f o l d i n g  i n  con- 
t h  the concept o f  face rotat ion-,ranslat ion t ransformat ion,  

a regenerat ion i s  accomplished a f t e r  the  t ransformat ion sequence has 
taken place. 
tained, t h e  e x i s t i n g  faces are ro ta ted  about t h e i r  elements, thus f i l -  
l i n g  t h e  voids created dur ing the t ransformat ion.  
generat ion has thus taken place where the o r i g i n a l  form has been t rans 
formed i n t o  a new conf igura t ion  and then regenerated i n t o  i t s  o r i g i n a l  
form r e t a i n i n g  i t s  ax is  o f  transformation; however, i t  has increased 
i n  surface area and volume. 

A f t e r  the  f i n a l  f o r m  o f  the t ransformat ion has been ob- 

A c y c l i n g  o r  re -  



The forms which have thus f a r  been studied are the five regu- 
l a r  polyhedra or platonic polyhedra. Three o f  these forms ( t e t r a -  
hedron, octahedron, icosahedron) are composed enti rely o f  t r i angu la r  
sides and may be regenerated per previous i l lus t ra t ion .  Two o f  the 
forms (cube, dodecahedron) are  composed o f  polygons other t h a n  t r i -  
angular in shape. Because o f  th i s  difference, the regeneration may 
be accomplished by rotating parts of the existing face about i t s  
elements, per following example: 

1 I 

CUBE 

CUBE 

Source: Joseph D. Clinton 
Southern I l l i no i s  University 
School o f  Techno1 ogy (6601 -03) 



AS TRANSPORTED 
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CONCEPTS REGARDING SUB-SURFACE SUPPORTED 
STRUCTURAL COLUMNS FOR LUNAR APPLICATION 

EXPLOSIVE CHARGE 

~ I I  

I I  

I 

7 L M A R  SOIL 

As USED 

The s t r u c t u r a l  column sllown above would be tubu la r  i n  f o r m  
and fabr icated f rom a low densi ty,  d u c t i l e  mater ia l .  
i t  could be i nse r ted  i n t o  the lunar  surface by ro ta t i on ,  one end 
would be provided w i t h  a h e l i c a l  con f igura t ion .  An explosive charge 
would be enclosed w i t h i n  the tube. 
a f t e r  the  column had been inserted, thereby deforming the colunin be- 
low grade and prov id ing  add i t iona l  s t a b i l i t y .  This system would be 
s i m i l a r  t o  the present i n d u s t r i a l  methods o f  high-energy-rate metal 
f o r m i  ng . 

I n  order t h a t  

This charge would be detonated 

Source: P h i l i p  G. E l l i o t t  
Southern I 1  1 i nois Uni vers i  t y  
School o f  Technology (6601-01) 



CONCEPTS REGARDING SUB-SURFACE SUPPORTED 
STRUCTURAL COLUMNS FOR LUNAR APPLICATION 

HARDENED RESIN-ACT1 VATUR-SOIL 

CONFIGURATION 

As shown above, a v a r i a t i o n  o f  the concept described on the 
preceding page can be had by drawing an analogy t o  the r o o t  system 
o f  a t ree.  As the  t r e e  grows, the main roo ts  spread out  f a r t h e r  and 
deeper, adding t o  the  support o f  the t ree.  
on a s t r u c t u r a l  column, a s i m i l a r  b e n e f i t  could be achieved. Such a 
r o o t  system might be achieved by adding por ts  i n  the end o f  the pre- 
v i o u s l y  described tube, f i l l i n g  i t  w i t h  a r e s i n  and a c t i v a t o r  o f  the 
po lyes ter  type, and prov id ing  a p is ton  t o  force the r e s i n - a c t i v a t o r  
mix tu re  i n t o  the  s o i l .  The s o i l  would a c t  as a f i l l e r  f o r  the mix- 
tu re ,  thereby adding s t rength  t o  the hardened mixture.  
t h e  s i z e  and l o c a t i o n  o f  the ports,  d i f f e r e n t  below-grade conf igura- 
t i o n s  would be possible.  
moval o f  the  column. 

I f  ' ' roots" could be grown 

By vary ing 

A solvent could be provided t o  a l low r e -  

Szurce: P h i l i p  G. E l l i o t t  
Southern I 1 1 i noi  s Uni ve r s  i t y  
School of Technology (6601 -02) 



. b  ' , DESIGN CONCEPTS REGARD1 NG 
S ELF-GENE RAT I NG STRUCTURES 

SEAMING HEAD 

DRIVEN CONE - RIMR WHEEL 

ROLLED MATERIAL 

AS TRANSPORTED 

AND 

SELF-GENERATED TRUNCATED CONE 

Being i n  the  form o f  r o l l s ,  stacked sheets, and etcetera,  s t ruc-  
t u r a l  mater ia ls  are normal ly i n  t h e i r  most compact form before fabr ica-  
t i o n .  With t h i s  thought i n  mind, i t  i s  poss ib le  t o  make a case f o r  space 
and p lanetary  s t ruc tu res  which are fabr ica ted  a t  t h e i r  intended place o f  
use. One apparent disadvantage would be t h a t  the  means (machinery) o f  
cons t ruc t ion  would have t o  be transported along w i t h  the mater ia l .  
i n g  t h a t  t h i s  disadvantage could be e l im ina ted  by technologica l  advances, 
the  above i l l u s t r a t i o n  depic ts  a concept i n  se l f -generat ing s t ruc tu res  
which would take advantage o f  a compact mater ia l  form; the r o l l .  

Assum- 

Source: P h i l i p  G. E l l i o t t  
Southern I 1  1 i noi  s Uni vers i  ty 
School o f  Techno1 ogy (6601 -03) 
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CONCEPTS RELATING TO THE JOINING OF 
STRUCTURAL MEMBE RS 

Several p o s s i b i l i t i e s  r e l a t i n g  t o  the  j o i n i n g  o r  connecting o f  s t r u c t u r a l  
members are here in  presented f o r  cons iderat ion by design personnel. ( I n  t h i s  
instance, one might wish t o  presuppose t h a t  the workers assembling the s t ruc -  
t u r e  are working i n  a h o s t i l e  environment and/or are working w i t h  on ly  the  
s implest  o f  t o o l s  o r  f a c i l i t i e s . )  

Consider a male-female, journa l -bear ing- l i ke ,  p lug- in  connector. 
(See above f i g u r e . )  I t  i s  f eas ib le  t h a t  such a connection may be 
s u f f i c i e n t l y  s t rong t o  al low simple o r  m u l t i p l e  a x i a l  o r  r o t a t i v e  
loadings. I f  the  respect ive male and female  diameters. are near ly  
i d e n t i c a l ,  i t  may no t  be poss ib le  t o  fo rce  the two i n t o  a sa t i s fac -  
t o r y  fit; however, i f  one p a r t  i s  ro ta ted  w i t h  respect t o  the second, 
i t  should be poss ib le  t o  r e a d i l y  j o i n  the two (s imply and w i thout  
great  force) s ince the c o e f f i c i e n t  o f  f r i c t i o n  has been reduced by 
the  e f f e c t s  o f  r o t a t i o n .  

An extension o f  concept ( l ) ,  above, wherein one member i s  ro ta ted  
q u i t e  rap id l y ,  there  being no l u b r i c a n t  between the  two members, 
thereby, causing the  two members t o  become fused together.  

Consider how a rus ted  nut on a rusted b o l t  normal ly makes an ex- 
t remely s t rong connection. 
s t r u c t u r a l  members t o  some a r t i f i c i a l  atmosphere so as t o  produce 
c o n t r o l l e d  r u s t i n g  t o  thereby mate the two pieces? 

Consider the manner i n  which the under por t ions  o f  ships become 
fou led  by the  growth o f  marine organisms over a per iod  o f  t ime .  
Such f o u l i n g  of ten causes valves o r  o ther  sea openings t o  become 
jamned. Might it be feas ib le  t o  in t roduce such marine organisms 
i n t o  o r  near a connection between s t r u c t u r a l  members, produce a 
s u i t a b l e  atmosphere f o r  the organisms t o  grow o r  m u l t i p l y ,  and 
thereby cause a r i g i d  connection t o  be made? 

Might i t  be feas ib le  t o  subject  two 



( 5 )  Consider structural members mated t o  each other i n  a manner similar 
t o  the principle of a go/no-go p lug  gage. Consider t h a t  a portion 
o f  the structure o r  vehicle might  always be 'warm" when i n  use, per- 
haps i n  the vicinity o f  a heat source o r  facing the sun. To init- 
ially fabricate the structure, one might t u r n  the structure so as t o  
shield one o f  the members from the heat source, then press-fit I t  
in to  the other member ("go"),  then, t u r n  the connection toward the 
heat source once again t o  heat  up  the entire j o i n t  ("no-go"). 
t i g h t  f i t  should persist for as long as the structure faces toward 
the heat source. 

A 

Source: Wayne A. Muth 
Southern I1  1 inois  University 
School of Techno1 ogy (6601 -01 ) 


